The recent cloning of the mouse delta opioid receptor (Evans ~'t a/., 1992; Kieffer eta/., 1992) has demonstrated it to be a member of the seven transmembrane G-protein coupled family of neurotransmitter receptors. The present study describes the cellular localization in the central nervous system ICNS) of an mRNA encoding this receptor and compares it with the distribution of delta receptor binding and proenkephalin mRNA using a combination of m situ hybridization and receptor autoradiographic techniques, Delta receptor mRNA was visualized with a cRNA probe (472 903 bp) corresponding to transmembrane domains I11 VI of the receptor, while proenkephalin mRNA was labeled with a cRNA probe to exon 3 (139 832 bp). A high level of correspondence v~as observed between the distribution of delta receptor mRNA and delta recepto, binding as delined by thc selective ligand [~H]l)-Pen-LPenLenkephalin. Deha receptor mRNA and binding w, ere expressed in the neocortex, caudate-putamen, nucleus accumbens, olfactory tubercle, diagonal band of Broca. amygdala and the nucleus of the solitary tract. Discrepancies in the distribution of delta receptor mR.NA and binding in the olfactory bulb, hippocampus, globus pallidus and substantia nigra pars reticulata, may in part be due to differential receptor synthesis and transport. These results arc discussed in relation to the distribution of proenkephalin m R NA and hm~ this may affect our understanding of opioid circuitry in the CNS.
INTRODUCTION
The opioid receptors can be classified into three distinct receptor types referred to as ~, ~5 and ~;. Each receptor has a unique distribution m the central nervous system (CNS), a specific pharmacological profile, and has been associated with specific functions (Wood, 1982; Simon, 1991; Lutz and Pfister, 1992: Mansour and Watson, 1993) . Mu receptors. which are particularly enriched in the striatum. thalamus, hippocampus, the nucleus of the solitary tract and spinal cord, have been associated with analgesia, respiratory and cardiovascular functions, as well as a number of hormonal actions. Delta receptors, expressed at high levels in many forebrain areas, including the olfactory bulb, neocortcx, striatum, hippocampus and amygdala, in addition to the midbrain pontine nuclei and the dorsal horns of the spinal cord, have been associated with analgesia, gastrointestinal motility and hypothalamic regulation. Kappa receptors, the third opioid i[ Fig. I . Darklield autoradiograms comparing the distribution of delta receptor binding (top), mRNA (middle) and proenkephalin mRNA (bottom) in the mouse olfactory bulb. Delta receptor and proenkephalin mRNAs are localized in the internal granular layer (IGr) . where the receptor and peptide are synthesized, while delta receptor binding is predominantly in the terminals of the exterior plexiform layer. Size bar in bottom panel = 500 la.
product, binds equally well to bt and 6 receptors and possibly to a novel epsilon receptor (Shook el al., 1988) . Prodynorphin products, such as [3-neoendorphin and dynorphin I-13, have high affinity for kappa receptors (Chavkin et al., 1982) ; however, shorter PDYN products appear to bind well to other opioid receptors, particularly in the rat brain where there is a predominance of la and 6 sites (Quirion and Pert, 1981; Wiister et al., 1981; Schultz et aL, 1982) .
To date, the vast majority of data concerning the distribution of the opioid receptors have been derived from receptor binding and autoradiographic studies Mansour et al., 1987; Tempel and Zukin, 1987; Sharif and Hughes, 1989) . The recent cloning of the mouse delta receptor (Evans et aL, 1992; Kieffer et al., 1992) makes it possible to use a host of new anatomical and biochemical approaches to study delta opioid receptor structure, distribution and regulation. The mouse delta receptor, a 372 amino acid protein, is a member of the seven transmembrane G-protein coupled super-family of neurotransmitter receptors which includes the muscarinic, dopaminergic, noradrenergic and serotoninergic receptors and the bovine opsins (Trumpp-Kallmeyer et al., 1992) . Other peptidergic receptors, such as substance P, cholecystokinin and somatostatin are also members of this super-family. The delta opioid receptor is negatively coupled to adenylyl cyclase and, based on Northern analysis, may be encoded by multiple mRNA transcripts of varying sizes (Evans et al., 1992) .
As the delta receptor was cloned from an NGI08 cell line, it is unclear whether it represents the delta receptor expressed in brain. To characterize this receptor further it is therefore important to define its distribution at a cellular level in the CNS and compare it to the distribution of delta receptor binding and proenkephalin mRNA. Previous distribution results have been limited to Northern blot analysis which does not provide the anatomical resolution necessary for such comparisons. The goals of this study were therefore three-fold: (1) to develop the procedures necessary to visualize delta receptor mRNA using in situ hybridization techniques; (2) to compare the mRNA distribution of delta receptor as determined by in situ hybridization to the delta receptor binding sites as defined by the delta selective
Based on findings with other receptors (e.g., Mansour et al., 1991) , one would expect that some regions would express both the delta receptor mRNA and binding sites, suggesting local receptor synthesis, while others would exhibit a mismatch, suggesting possible receptor transport; and (3) to compare the delta receptor mRNA distribution to that of PENK mRNA in adjacent sections. Such a comparison potentially provides a means of identifying local opioid circuits. 
MATERIALS AND METHODS

Tissue preparation
in situ hybridization
Frozen brain sections were removed from storage at 80 C and placed into 4°,/o formaldehyde for 60rain (22C) prior to processing for in silu hybridization (Mansour et al., 1991) . Following three 5-rain rinses in 2xSSC (300mM-sodium chloride, 30 raM-sodium citrate, pH = 7.2), sections were treated with proteinase K (1 p./ml in 100 mMTris, pH=8.0, 50mM-EDTA) for 10min at 37C. Slides were then rinsed in water, followed by 0. I Mtricthanolamine, pH=8.0, and treated with a mixture of 0.1 u-triethanolamine, pH=8.0, and acetic anhydride (400:1, vol/vol) with stirring for l0 rain. The sections were then rinscd in x~atcr and dehydrated through graded alcohols, and allox,,ed to air dry. Mouse brain sections were hybridizcd ~ith [35S]UTP and [35S]CTP riboprobcs generated either to the mouse delta receptors (Evans ¢'I <d., 1992 : Kieffer et al., 1992 or rat PEN K m RN A ( "~ oshi Lawa eta/., 1984). The delta receptor c R N A x~ as generated from a polymerase chain reaction ftagmcnt x~ hicla is COlnplementary to a 431 bp l'ragmem of the delia receptor (472 903 bp) and corresponds to lransmembranes III VI. Proenkephalm mP, NA was labeled with a cRNA probe that correspondcd to exon 3 (139 832bp). cRNA probes wcrc diltHcd in hybridization buff'or (75% formamidc. I0",, dextran sulfate. 3 x SSC. 50 illM NaeP(),, pH 7.4. 1 xDenhardt's, 0.1 mg/ml yeas/ tRNA. ll) tn,4-dithiothreitol) to rcsuh in a linal concenll-alioll of 1 2x 10~'cpm301,tl. Volumes of 4t1 or I()0 HI of diluted probe were applied to coronal and horizontal sections, respectively,. Glass covcrslips ~crc placed over brairi sections to keep h;'bridilalioi~ bulYer in contact with tissue. The treated slides were transferred to humidifying chambers containing 50% formamide and hybridized at 55°C, overnight.
The next day the slides were rinsed in 2 x SSC (5rain) and treated with RNase A (2001agml in 100 mM-Tris, pH = 8.0, and 0.5 M-NaCI) for 60 min at 37 C. Subsequently, the sections were rinsed in 2 x SSC for 5 min (22~'C) and 0.1 x SSC for 60 min (65('). Following the low salt wash, sections were rinsed in water and dehydrated through graded alcohols and air-dried. Sections were apposed to Kodak XAR-5 X-ray film for I-11 days or dipped in NTB2 film emulsion and developed 3 33 days later.
'Sense'-strand control
The specificity of the in situ signal was tested by hybridizing adjacent mouse brain sections with 'sense'-strand cRNA probes generated to the same region of the mouse delta receptor. A series of adjacent brain sections at various levels of the mouse brain were divided into two sets. One set was treated according to the in situ hybridization protocol described above, while the second set was treated identically, except that the cRNA probe used in the hybridization mixture corresponded to the 'sense'-strand.
Delta receptor autoradiography
After being warmed to room temperature, the brain sections were placed in incubation chambers designed to maintain ambient temperature (22°C) and humidity (60-80%) and incubated with 150 300pl of [3H]ligand and buffer. The selective delta receptor ligand [3H]DPDPE (28 Ci/mmol, Amersham) was diluted in 50 mM-Tris (pH = 7.4) to a concentration of 10.2riM. From previous saturation experiments in this laboratory using slide-mounted mouse brain sections it had been determined that this concentration corresponds to 2.5 times the K d of [3H]DPDPE in the mouse (unpublished observation). The slides were incubated (2YC) for 60 rain, drained, and washed in four consecutive 2 rain 50 mM-Tris washes (pH = 7.0, 4°C). The slides were then rinsed in water (4°C), dried with a portable hair dryer set to cool and apposed to tritum-sensitive hyperfilm (Amersham) for 60 days. Non-specific binding was evaluated by treating a parallel set of slides with the same concentration of tritiated ligand with a 1 gM final concentration of unlabeled Try-D-Ser-Gly-Phe-Leu-Thr.
Delta Opioid Receptor mRNA Distribution 355 RESULTS
A high level of correspondence is observed between the distribution of delta receptor mRNA and [3H]DPDPE binding in a number of telencephalic regions, including the neo-and paleocortex, caudate-putamen, nucleus accumbens, olfactory tubercle, diagonal band of Broca, hippocampus, amygdala and the nucleus of the solitary tract. In the olfactory bulb, a region of high delta receptor expression, delta receptor mRNA is restricted primarily to the internal granular cell layer (Fig. I,  2A, B) , while delta receptor binding is predominantly in the exterior plexiform layer, with only a low density of sites in the internal plexilk)rm and granular cell layers (Fig. 1) . Proenkephalin mRNA is restricted to the granular cell layer as seen with the delta receptor mRNA and in the glomerular layer.
Both neo-and paleocortical areas express delta receptors and PENK mRNA. Delta receptor mRNA is distributed in a similar laminar pattern as observed with delta binding sites (Figs 3 and 4), with the receptor mRNA predominantly in layers I l, !II, V and VI of frontal, parietal and temporal cortex. Similarly, PENK mRNA is localized in the neocortex, but its distribution is not as widespread, being restricted primarily to layers II and VI (Figs 2 4) , In contrast to the delta receptor mRNA, which is relatively enriched in neocortical areas, PENK mRNA is more robustly expressed in paleocortical areas, such as the cingulate and piriform cortex (Fig.  4E, F) , with only low levels of expression in the frontal, parietal and temporal cortex. Compare, for example, Fig. 2 (B, D) , where delta receptor mRNA is widely distributed in frontal cortex and PENK mRNA is restricted to layers II and VI, to Fig. 4 , where PENK mRNA is prominent in piriform and cingulate cortex (Fig. 4E, F) and delta receptor mRNA and binding is most prominent in the parietal, frontal and cingulate cortex (Fig. 4A D) .
In the basal ganglia, delta receptor binding and mRNA share a similar distribution in the caudateputamen, nucleus accumbens and olfactory tubercle. Relatively high levels of delta receptor mRNA and binding are seen in the caudate-putamen, both showing a medial to lateral gradient with the highest levels in the lateral portion of this structure (Fig.  3A D) . In the nucleus accumbens, the highest levels of expression of both delta receptor mRNA and [3H]DPDPE binding are seen in the ventral portions of the anterior shell (Fig. 3A, C) with comparatively lower levels ofmRNA and binding in the core. More Fig. 3 . Darkfield autoradiograms comparing delta receptor binding, mRNA and proenkephalin mRNA distributions at two levels of the forebrain of the mouse. Delta receptors and proenkephalin mRNA is expressed in the caudate-putamen (CPU). nucleus accumbcns (ACB), olfactory tubercle (OTU) and diagonal band of Broca (DB). Delta receptors are particularly high in the neocortical areas, such as the parietal cortex (PCX), while proenkephalin mRNA is predominantly in paleocortical regions, such as piriform cortex (Pirt. Size bar in F -500 ~a. Delta receptor mRNA can be visualized in the entopeduncular (EP), reticulotegmental pontine (RTP) and trapazoid {TZ) nuclei, areas that do not express proenkephalin mRNA. Proenkephalin mRNA is localized in the medial preoptic area, bed nucleus stria terminalis t BNSTI, cerebellum (CBI,), medial vestibular (MVe) and olivarx (ON) nuclei, areas with no delta receptor expression. Sizc bars 5!!0 ft. ventrally, the olfactory tubercle expresses relatively high levels of delta receptor mRNA and binding (Fig. 3A D) . Consistent with the delta receptor distribution, PENK mRNA displays a similar medial to lateral expression gradient in the caudateputamen, with the highest levels laterally {Fig. 3E, F). The nucleus accumbens and olfactory tubercle also show high levels of PENK mRNA expression with high levels in the accumbens shell and core and throughout the olfitctory tubercle (Fig. 3E, |: ).
In the globus and ventral pallidum, there is a low density of delta receptor binding sites and no detectable delta receptor rnRNA, suggesting that the binding may be localized on terminals. No PEN Kexpressing cells are seen in the globus pallidus, but scattered PENK-expressing cells are found in the ventral pallidum.
The diagonal band of Broca shows an excellent correspondence between delta receptors and PEN K rnRNA, suggesting the presence of a local opioid Fig. 4 . l)arkfield comparison of delta receptor binding, mRNA and proenkephalin mRNA at >.vo le,.cls of the dicccphalon l)clta rcccplor binding and mRNA can be xisualized in the cortex (CTX), pyramidal cell layer of the hippocampus (CA l, ('A21, dentate gyrus (I)G), caudate-putamen (CPU) and basolateral amygdala (BLA). Proenkephalin mRNA is prominent in the caudate-putamen, pirifl~rm cortex (Pir), central and medial amygdala (M E)and dorsomedial hypothalamus {DM H ). ()nix a le,a' proenkephalin-expressing cells arc observed in the basolateral amygdala. Size bar in F -500 I-t. circuit (Fig. 3B, D, F) . Delta receptor binding, mRNA, and PENK mRNA are observed in the rostral diagonal band of Broca extending caudally to the horizontal limb.
In the hippocampus, delta receptor binding sites and mRNA are localized in the pyramidal cell layer (Fig. 4A-D) . Delta receptor binding extends beyond the pyramidal layer with binding observed in the stratum lacunosum-moleculare, a region receiving terminal projections from the pyramidal cells, suggesting possible receptor transport (Fig. 4A, B) . Delta receptor mRNA is also localized in the granular cell layer of the dorsal dentate gyrus (Fig. 4C, D) , while delta receptor binding sites are observed in both the granular and molecular layers. Low levels of PENK mRNA are seen in the pyramidal cell layer of the hippocampus and the granular layer of the dentate gyrus, possibly consistent with a local opioid circuit. As the levels of PENK mRNA in the hippocampus and dentate gyrus are extremely low compared with the ltriatum, specifically labeled cells are not apparent in these structures with this film exposure.
In the amygdaloid complex, there is a good correspondence between delta receptor mRNA and binding, with high levels of both in the lateral and basolateral nuclei (Fig. 4A-D) . The cortical and medial nuclei also have moderate levels of delta receptor binding, with the cells expressing delta receptor mRNA predominantly in the cortical nucleus. In contrast, high levels of PENK mRNA are observed in the medial and central amygdala nuclei (Fig. 4E, F) , regions demonstrating little or no delta receptor binding and mRNA. Further, the basolateral nucleus of the amygdala has only a few, if any, PENK-expressing cells, yet has the highest levels of delta receptors in the amygdaloid complex.
Discrepancies between the distributions of PENK mRNA, delta receptor binding and delta receptor mRNA are also particularly apparent in the diencephalon. Several hypothalamic nuclei, including the paraventricular, dorsomedial, ventromedial nuclei and the lateral hypothalamic area express high levels of PENK mRNA, yet only the ventromedial nucleus demonstrates a low density of delta receptor binding and cells expressing delta receptor mRNA. Similarly, the bed nucleus stria terminalis and the medial preoptic area (Fig. 5B ) contain cells expressing PENK mRNA, yet in the mouse have little or no delta receptors.
Several nuclei of the thalamus, including the central medial, medial dorsal and ventromedial nuclei demonstrate low levels of delta receptor binding and no detectable delta receptor mRNA. This is also evident in a number of midbrain regions, such as the interpeduncular nucleus, substantia nigra (pars reticulata) and periaqueductal grey, where low levels of delta receptor binding are clearly observed, with no detectable delta receptor mRNA, suggesting a possible differential localization of binding sites on neuronal terminals. The reverse is observed in the entopeduncular nucleus, where relatively high levels of delta receptor mRNA (Fig. 5A ) and no detectable receptor binding or PENK mRNA are observed. Consistent with the presence of delta receptor binding sites, PENK-expressing cells are localized in the periaqueductal grey and interpeduncular nucleus.
In the pontine nuclei, an excellent correspondence between delta receptor mRNA and binding is observed (Fig. 6 ). This region contains no PENK-expressing cells and demonstrates another clear mismatch between the distribution of PENK mRNA and delta receptor binding and mRNA. The A Fig. 7 . 'Sense'-strand control. Note the lack of specific in .silt; hybridization in frontal cortex (FCX) and the internal granular layer (IGr) when a "sense'-strand probe is used (A) as compared with an anlisense cRNA probe (B) generated to the same region of the nmuse delta receptor. Size bar in B = 500 p.
converse is observed in the raphe nuclei, where there are high levels of PENK mRNA expression in the dorsal, median and linear raphe and no detectable delta receptors.
More caudally, delta receptor mRNA is seen in the reticular tegmental pontine, trapazoid nuclei ( Fig. 5Ct and the nucleus of the solitary tract. Specific delta receptor binding is difficult to detect in the brainstem and only observed at low levels in the nucleus of the solitary tract. No delta receptor mRNA or binding is seen in the cerebellum. In contrast, PENK mRNA expression is extensive throughout brainstem and cerebellum (Fig. 5D) . Nuclei expressing PENK mRNA and no detectable della receptors include the parabrachial, medial vestibular, dorsotegmental, lateral reticular, cochlear and olivary nuclei (Fig. 5D) .
'Sense'-strand control
The results of the 'sense'-strand control experiment are presented in Fig. 7 . b7 situ hybridization of brain sections with a 'sense" cRNA probe generated to the same region of the delta receptor produced no specific hybridization. Compare, for example, the lack of labeling of cells in the frontal cortex and internal granular layer of the olfactory bulb when a 'sense'-strand cRNA probe is used (Fig, 4A) . Delta Opioid Receptor mRNA Distribution 359 DISCUSSION Generally, there is an excellent correspondence between the distribution of the delta receptor mRNA and delta receptor binding as defined by [3H]DPDPE. Several brain regions, including the neocortex, caudate-putamen, nucleus accumbens, olfactory tubercle, diagonal band of Broca, amygdala, pontine nuclei and nucleus of the solitary tract demonstrated both delta receptor binding and receptor mRNA, providing the first cellular localization of this mRNA in the CNS. This receptor mRNA distribution agrees well with other studies describing delta receptor binding sites (Moskowitz and Goodman, 1985 : Mansour el al., 1987 : Tempel and Zukin, 1987 Sharif and Hughes, 1989) and is consistent with this receptor representing a brain delta receptor.
Despite a general correspondence between the distributions of delta receptor m R NA and binding, clear differences were also observed. These discrepancies or mismatches are manifest in one of two ways: the presence of delta receptor binding and no mRNA, or the localization of delta receptor mRNA and no binding sites, In some cases, as in the hippocampus and olfactory bulb, this may be an indication of differential receptor synthesis and transport. In the olfactory bulb, for example, delta receptor mRNA and synthesis is in the cell bodies of the internal granular cell layer, while delta receptor binding sites are predominantly on the cell terminals in the exterior plexiform layer. Similarly, in the hippocampal formation, delta receptor mRNA and synthesis is in the pyramidal cell layer, while the binding sites are localized in the pyramidal layer and extend to the terminals in the molecular layer.
Other regions demonstrating a lack of correspondence between delta receptor binding and mRNA include substantia nigra pars reticulata, and globus pallidus, where low levels of binding and no delta receptor mRNA could be detected. Here, too, these binding sites may be localized on terminals from cells in the striatum that pro, jeer to the globus pallidus and substantia nigra pars rcticulata. Kainic acid lesions that destroy cell bodies of the striatum, in fact, produce a loss of delta receptor binding in the globus pallidus and substantia nigra, pars resticulata, which is consistent with these binding sites being localized on presynaptic terminals (Abou-Khalil el al., 1984; Van Der Koov eta/., 1986) .
Delta receptor mRNA but no detectable delta receptor binding was found in the entopeduncular, reticular pontine and trapazoid nuclei. The entopeduncular nucleus has efferent projections to the thalamus, particularly the ventromedial nucleus, where low levels of delta receptor binding and no receptor mRNA are observed. The delta receptors may, therefore, be synthesized in the entopeduncular nucleus and transported to the thalamus explaining the discrepancy between the receptor binding and in situ hybridization results. The presence of delta receptor mRNA and no delta receptor binding in the reticular pontine and trapazoid nuclei is more difficult to explain as the reticular pontine primarily projects to the cerebellum and the trapazoid nucleus projects mainly to the lateral olive, regions that have no detectable delta receptor binding.
Receptor transport is only one of many possible explanations for a discrepancy between the distribution of the delta receptor mRNA and binding sites. There may be, for example, several delta receptor subtypes (Jiang et al., 1991; Sofuoglu et al., 1991) . Our in situ hybridization methods and cRNA probes may be visualizing multiple delta receptor subtypes and [3H]DPDPE may be labeling more than one delta receptor protein. Northern blot analysis has demonstrated as many as five transcripts that could encode delta receptors (Evans et al., 1992) in NGI08 cells. It is presently unclear whether they represent alternate splice forms of the same gene or different gene products. The future cloning of other delta receptor cDNAs and genes will be necessary in order to resolve this issue.
Another possible explanation for the discrepancies observed between delta receptor binding and mRNA in some regions may be the detection limits of either the receptor autoradiographic or in situ hybridization methods. Regions such as the thalamus that have very low levels of binding may also have low levels of delta receptor mRNA expression which may be beyond the limits of our methods. Similarly, in the brainstem nuclei, where specific delta receptor binding is very low, it is difficult to differentiate it from background, accounting for the presence of delta receptor mRNA and no detectable binding.
Comparison of the delta receptor mRNA and binding to the distribution of PENK mRNA (Harlan et al., 1987) showed that while there were some regions, such as the striatum, olfactory tubercle, diagonal band of Broca and the nucleus of the solitary tract that showed a good correspondence, the vast majority of brain areas failed to show a similar localization of PENK mRNA and delta receptors. A co-distribution of PENK mRNA and delta opioid receptors may indicate either an autoreceptor function, as may be the case in the granular cells of the olfactory bulb. Or, alternatively, it is consistent with local opioidergic circuits via collaterals, as in the striatum, or direct projections, as may be the case in the diagonal band of Broca. While these results are suggestive, specific synapses and circuits need to be verified by more extensive immunohistochemical and electron microscopic studies.
Clear dissociations between the distributions of PENK mRNA and delta receptors were observed in the hypothalamus, medical preoptic area, bed nucleus stria terminalis, central amygdala, raphe nuclei and cerebellum, as well as a number of brainstem nuclei, including the parabrachial, dorsotegmental, lateral reticular, cochlear, and olivary nuclei where PENK mRNA was expressed and no delta receptor mRNA could be visualized. The reverse was also apparent in the basolateral amygdala, pontine and trapazoid nuclei, where delta receptor mRNA is expressed and no PENK mRNA could be visualized.
This apparent peptide-receptor mismatch has been extensively discussed by others (Kuhar, 1985; Herkenham and McLean, 1986) , and this study provides further support that in many brain regions PENK-derived peptides are unlikely to interact directly with delta receptors. However, these data need to be interpreted with caution for several reasons. First, this study does not provide information concerning enkephalinergic terminals and projections which are critical in interpreting these results. Many brainstem nuclei, such as the parabrachial nucleus that express PENK mRNA project rostrally, and may interact with delta receptors in the diencephalin, for example. Immunohistochemical studies directly visualizing opioid peptides and receptors with selective antibodies are needed in the future to evaluate this possibility properly. Second, peptide products from other opioid precursors (POMC, PDYN) have good affinity for delta receptors in binding studies, and may interact with delta receptors anatomically. One example is in the neocortex where PENK-expressing cells are restricted primarily to layers II and VI, while delta receptor binding and mRNA is prominent in layers II, Ill, V and VI. Prodynorphin-expressing cells have a more widespread distribution in the rat neocortex (Alvarez et al., 1990) , suggesting that dynorphin peptides may be released and bind to delta receptor sites under physiological conditions. Third, there may be multiple delta receptors that remain to be cloned, that may have a better codistribution with PENK. And fourth, we may be identifying, in some cases, only the cells expressing the delta receptor mRNA at the highest levels, thereby contributing to the apparent mismatch.
In summary, this study demonstrates that the delta receptor binding sites and mRNA show a similar distribution in the mouse central nervous system and regions of discrepancy may be due, in part, to differential receptor synthesis and transport. Similar studies need to be extended to the rat. Species differences at the nucleic acid level have presumably made it difficult to detect this mRNA using mouse delta receptor cRNA probes. It is likely that other delta opioid receptors will be cloned in the near future and similar analyses will be needed to determine the functional significance and anatomical distribution of these receptors. Using the derived amino acid sequence of present delta receptor, antibodies can be raised to localize more precisely the delta receptor proteins immunohistochemically and co-localize it with the opioid peptides.
